A study on the taxonomy, morphology and anatomy of the lichenicolous species of the genus Cercidospora (Dothideales, incertae sedis) growing on lichens of the genera Lecanora (Lecanoraceae), specifically of the L. polytropa group and the L. saxicola group (i.e. L. muralis sensu auct. group, Protoparmeliopsis spp.), Rhizoplaca (Lecanoraceae) and Squamarina (Stereocaulaceae) is presented. The following species are proposed as new: Cercidospora barrenoana on Rhizoplaca peltata, and C. melanophthalmae on Rhizoplaca melanophthalma. C. stenotropae is proposed provisionally; this fungus grows on Lecanora stenotropa and other taxa of the L. polytropa group. A key for the species of the genus Cercidospora treated is provided.
Introduction
This study is the second contribution to the revision of the genus Cercidospora (Dothideales, incertae sedis) which is being undertaken. It is centered on the species growing on lichens of the genera Lecanora s. l. (Lecanoraceae, Lecanorales), specifically of the L. polytropa group and L. saxicola group (i.e. L. muralis sensu auct. group, Protoparmeliopsis spp.), Rhizoplaca (Lecanoraceae, Lecanorales), and Squamarina (Stereocaulaceae, Lecanorales; fide Miadlikowska et al. 2006 ).
Of the six species here treated, three were previously known. Two species, Cercidospora epipolytropa and C. macrospora (= C. ulothii) , have been profusely cited. The third, C. crozalsiana, is recently recovered (Navarro-Rosinés et al. 1995) .
The general features of the genus Cercidospora have been described in detail in a first contribution for the revision of the genus (Navarro-Rosinés et al. 2009 ), as well as in the studies by Hafellner (1987) , Grube & Hafellner (1990) and Navarro-Rosinés et al. (2004) .
Material and methods
For the microscopic study of the morphology and anatomy of the species, sections of ascomata were prepared by hand, and mounted in water or, to increase the contrast, in lactophenol- Etymologybarrenoana (Lat.), belonging to Barreno; named after Dr. Eva Barreno (professor of Universitat de València).
Description -Ascomata perithecioid, 250-340(-400) µm diam., provided with a violaceous exciple, rarely with a greenish tinge in its upper part, less pigmented towards its base; in mature ascomata sometimes uniformly violaceous-colored throughout and with a greenish tinge, 30-40 µm thick towards the base. Paraphysoids abundant, (1.5-)2(-3) µm thick. cylindrical, ) × (5-)6-6.8-8 µm, with a length/width ratio of (3.6-)4.3-5.0-5.8 (-7 .2) (n = 59), mostly 1-septate, but simple ascospores also abundant, colorless, narrowly ellipsoid-fusiform to almost cylindrical, slightly heteropolar, not or only slightly constricted at the septum, mostly with a clearly visible, gelatinous sheath, 1-2 µm thick, guttulate.
Remarks -Cercidospora barrenoana and C. crozalsiana are the two species in this study showing the largest asci and ascospores, and clearly exceeding the sizes of the structures of the rest of the taxa. C. barrenoana is the species of the genus with the largest ascospores, with a length of mostly 30-40 µm. In C. crozalsiana, the ascospores are slightly smaller, with a predominant length of 24-32 µm, and only occasionally with ascospores reaching 37 µm long. The ascomata of C. barrenoana, which are usually 250-340 µm in diam., but can reach 400 µm in some cases, is among the largest in the genus. In most of the Cercidospora species the diam. of the ascomata is clearly smaller. Only in C. melanophthalmae (see below) and C. mutabilicola sp. ined. (Navarro-Rosinés et al. 2009 ), can they also be over 300 µm wide.
Distribution and habitat -To date, C. barrenoana is known only from its type locality in Tenerife (Canary Islands), growing on Rhizoplaca peltata as a parasymbiont. Halıcı & Aksoy (2009) cite Cercidospora ulothii upon Rhizoplaca peltata from Turkey, a specimen that might also belong here. A thorough screening of the material of R. peltata stored in the herbarium GZU did not result in additional findings. Description -Ascomata perithecioid, (160-)200-280 µm diam., exciple blue-green in its upper part and colorless at the base; in the most mature ones sometimes uniformly blue-green throughout, 12-15(-20) µm thick towards its base. Paraphysoids abundant, 1.5-2 µm thick. Asci 85-120 × 10-14 µm, cylindrical, mostly 4-spored, but not rarely 2-spored. Ascospores (22-)24.5-28.3-32(-37) × (5-)5.5-6.2-7(-8) µm, with a length/width ratio of (3.2-)3.7-4.6-5.5(-6.8) (n = 106), mostly 1-septate, only occasionally simple, colorless, from narrowly ellipsoid-fusiform to almost cylindrical, slightly heteropolar, not or only slightly constricted at the septum, mostly with a clearly visible gelatinous sheath, guttulate. Pycnidiospores bacilliform, 3-5(-8) × 0.5-1 µm.
Remarks -Cercidospora crozalsiana is close to C. macrospora and C. barrenoana in having 4-spored asci and in the shape and size of the ascospores. However, C. crozalsiana differs from the two mentioned species in the intermediate size of its ascospores, larger than those of C. macrospora (mostly 20-25 µm long), but smaller than those of C. barrenoana (mostly 30-40 µm long). The asci in C. crozalsiana, 85-120 µm long, are also among the largest in the genus; this length is only exceeded in the case of C. barrenoana, with asci 90-140 µm long. In C. macrospora, they are only 65-90 µm long. Comments on the nomenclature and the different criteria applied by several authors for this species are given in Navarro-Rosinés et al. (1995) .
Distribution and habitat -Cercidospora crozalsiana is known from several Mediterranean localities in the Iberian Peninsula and southern France, mentioned in Navarro- Rosinés et al. (1995) , and more recently it has been also reported from Turkey, by Candal & Halıcı (2011) . Furthermore we report it here from southern Sweden and the Balcan country Macedonia. Based on our observations, this species is regarded as a specific parasymbiont of Squamarina species, among which we could identify S. cartilaginea, S. lentigera and S. stella-petraea. The two former host species grew on soil, including gypsum-rich soils, while the latter grew on boulders of carbonated sandstone, close to the soil.
Exsiccata Host species of the type -Lecanora polytropa (Ehrh. in Hoffm.) Rabenh. Illustrations -Hafellner (1987: 358) . Description -Ascomata preferably immersed in the hymenia of the host, perithecioid, (100-) 130-220 µm diam., globose. Exciple colorless in its lower half, greenish or ± brownish blue around the ostiole, 10-15 µm thick toward its base. Paraphysoids abundant, 1-1,5 µm thick, only scarcely branched. Asci 50-70 × 9-13 µm, cylindrical-clavate, mostly 8-spored, rarely only 4-or 6-spored. Ascospores (14-)15-17.3-19(-22) × (4.5-)5-5.5-6(-7) µm, with a length/width ratio of (2.4-)2.7-3.1-3.8 (-4 .2) (n = 99), 1-septate, very rarely with some simple or 3-septate spores, oval-ellipsoid to slightly fusiform, with both cells similar in size and a median septum, but slightly heteropolar, with the lower cell slightly narrower than the upper one. Pycnidia globose, 100-130 µm. Pycnidiospores colorless, simple, bacilliform, 3-4(-5) × 0.5-1 µm.
Remarks -Cercidospora epipolytropa s. l. is a fungus specific to different taxa of the Lecanora polytropa group, and is characterized by having ascospores varying from oval-ellipsoid to fusiform, mostly below 20 µm in length. This size is coincident with the values given by other authors on the same hosts (Hafellner 1987 , Vainio 1921 .
Setting aside the size of the ascospores, there are a number of constant differences among the different specimens of C. epipolytropa s. l. studied. The most striking one is the number of ascospores per ascus, 4 or 8, as the case may be; this difference seems to be associated with variations in the size of asci and ascomata, and also with host characteristics. 8-spored specimens grow mainly on typical Lecanora polytropa, proceeding from localities at relatively high altitudes.
On the contrary, the samples of Cercidospora with 4-spored asci come from localities at lower altitudes, and grow mostly on a taxon of the L. polytropa group which fits the features of L. stenotropa Nyl. (according to Clauzade & Roux 1985 , Purvis et al. 1992 , Wirth 1995 .
In this study, the specimens with 4-spored asci are separated into a provisional species, Cercidospora stenotropae, pending the availability of more Cercidospora material growing on the L. polytropa group. The examination of more material would allow us to determine the characteristics and variability of these fungi more exactly, and have a better knowledge of their distribution, and clearer differentiation of their hosts.
In the original description of Thelidium epipolytropum, Mudd (1861) applied a wider concept of this taxon which would include both Cercidospora epipolytropa s. str. and C. macrospora as currently delimited as he reported specimens growing on Lecanora polytropa and on Lecanora saxicola (sub Squamaria saxicola). Specimens growing on L. saxicola and possibly constituting paratype material were distributed in an exsiccatum by itself (Mudd, Lich. Brit. Exs. 287) . A sample of it was revised as Cercidospora macrospora (see below). The neotype ("lectotypus") of Thelidium epipolytropum was selected by Hawksworth & Diederich (1988) from a specimen on Lecanora polytropa collected by W. Mudd from an unknown locality. This type material is characterized by having 8-spored asci and other features fitting our concept of C. epipolytropa s. str.
There are also reports of C. epipolytropa upon the thallus of Lecanora geophila, a terricolous species with e secondary chemistry similar to that of Lecanora polytropa. Such material originating from western Siberia has been distributed by Santesson, Fungi Lichenicoli exs. 257, accompanied by a note on the label that in this strain 4-spored and 8-spored asci should be equally frequent and the ascospores being 16-18 × 5-7 µm (Santesson 1998) . The strain has also been reported from Greenland inhabiting even the type specimen of the host lichen (Obermayer & Kantvilas 2003) . It needs to be further studied as are other records of C. epipolytropa on single specimens of Lecanora baicalensis and L. chondroderma (Poelt & Grube 1993) .
Furthermore, C. epipolytropa has also been mentioned as a parasite of Rhizoplaca melanophthalma (Navarro-Rosinés & Hladun 1987, Alstrup & Hawksworth 1990 ). However, the specimens growing on this host differ from the ones associated with Lecanora polytropa group by having larger ascomata and slightly longer, ellipsoid-fusiform ascospores. In this work, they are separated into a new species: C. melanophthalmae.
Distribution and habitat -Cercidospora epipolytropa is a taxon widely distributed in the Northern Hemisphere, profusely cited in Europe, North America (Hafellner 1987 , Triebel et al. 1991 . Records from Asia (apart from Siberia, see Zhurbenko 2007) and Africa are still few. After our observations, this species may be regarded as a parasymbiont (although its ascomata are also developed in the hymenia of the host lichens) of Lecanora polytropa s. str., L. polytropa var. alpigena, L. intricata and other taxa of this group dwelling in northern territories and in high mountains. In fact, C. epipolytropa is the lichenicolous fungus holding the altitude record on earth. It has been reported together with its typical host from Makalu in the Himalaya range at 7400 m s. m. (Hafellner 1987 Olivier, Princip. Paras. Lich., Suppl. 1: 15 (1907) . Type -France, "Sur Squamaria saxicola à Roquehaute dans l'Hérault", De Crozals (?, n. v.) . Host species of the types -Lecanora saxicola (Pollich) Ach. (syn. Lecanora muralis sensu auct., Protoparmeliopsis muralis sensu auct.).
Illustrations -Hafellner (1987: 356) , as C. ulothii. Description -Lichenicolous fungus with the ascomata immersed in the host thallus and apothecial discs, producing, in some cases, deformations in the form of convex cecidia (observed in some specimens of Lecanora versicolor). Ascomata perithecioid, 150-250 mm diam. Exciple colorless or slightly green-blue in its lower half, intensely green-blue around the ostiole, 10-15(-20) µm thick towards its base. Paraphysoids scarcely abundant, 1.5(-2) µm thick. Asci (55-)65-90 × 9-11 µm, cylindrical, 4-spored, exceptionally 8-spored. Ascospores (19-)20-22.9-25(-30) × 4-5.1-6(-7) µm, with a length/width ratio of (3.0-)3.8-4.5-5.4(-6.7) (n = 179), 1-septate, narrowly ellipsoid or fusiform, with both cells equal in shape and size, with the septum median, more rarely slightly heteropolar.
Remarks -Cercidospora macrospora is a species characterized by having predominantly 4spored asci and ascospores with a length mostly of 20-25 µm. Similar 4-spored asci also occur in C. barrenoana and C. crozalsiana, but in these species the size of the ascospores is clearly larger (see also the comments on these species). C. stenotropae also has 4-spored asci, but its ascospores measure only 16-21 µm in length, being smaller than those of C. macrospora.
For the synonymy of C. ulothii in C. macrospora see Navarro-Rosinés et al. (2004) . According to Santesson (1960) , both taxa were described on the basis of material likely to come from the same collection. Taking this into account and also considering that they were described on the same host, there is little doubt about their synonymy. Hence, the second name has priority over the well-known former one.
Other than Cercidospora epipolytropa, C. macrospora does not show a preference to develop the ascomata in the apothecial discs. Ascomata are equally frequent in host thallus and apothecia.
Distribution and habitat -Cercidospora macrospora is considered a holarctic taxon (Hafellner 1987) . Previously this species has been reported most frequently under its synonym, C. ulothii. Most records are from Europe, temperate Asia, the Mediterranean and Macaronesian regions of Africa, and North America. Typically, it is associated with taxa of Lecanora saxicola group (i. e., the Lecanora muralis sensu auct. group or Protoparmeliopsis spp.), growing both on siliceous and calcareous substrata. Hosts that we have identified for C. macrospora include Lecanora bolcana, L. dubyi (= L. muralis subsp. dubyi), L. garovaglii, L. cf. nevadensis, L. novomexicana, L. phaedrophthalma var. christoi, L. saxicola (= L. muralis sensu auct., fide Laundon 2010) and L. versicolor.
Arup & Grube (1999) and Pérez-Ortega et al. (2007) confirmed phylogenetically that Lecanora garovaglii is sister to Lecanora saxicola, although the former find L. novomexicana and L. phaedrophthalma more closely related to Rhizoplaca melanophthalma than to L. saxicola. It would be necessary to confirm these hosts, with the study of more specimens of C. macrospora on L. novomexicana and L. phaedrophthalma.
Although relatively rare, C. macrospora can be locally abundant, as in locality of Aragón cited below where it covered important extensions of the thalli of L. versicolor growing on horizontal carbonated sandstone surfaces. Citations of C. macrospora (or C. ulothii) on hosts other than the L. saxicola group most likely belong to other taxa (see also under C. barrenoana and C. melanophthalmae).
Exsiccata examined -Hafellner, Lichenicolous Biota 134 (BR, CANB, GZU, NY, UPS).-Kunze, Fungi Selecti Exs. 78 (GZU). Fungi Lichenicoli Exs. 203 (GZU) , 258 (GZU and herb. P. Diederich). Microfungi Exs. 181 (GZU) .
Selected specimens examined -(on Lecanora saxicola var. saxicola unless otherwise cited). Fig. 6, 9 f-l.
MycoBank 516549
Ascomata perithecioidea, totaliter immersa in thallis aut apotheciis hospitis. In sectione transversali pseudothecia globosa, 170-330 µm in diametro. Paries ascomatum apicaliter viridulocaerulescens, in externa parte leviter fusco-violascens, parce incrassatus, basaliter subhyalinus, circa 10-15 µm crassus. Paraphysoides copiosae, 1-1.5(-2) µm crassae. Asci cylindrici vel subclavati, (55-)70-90(-100) µm longi et 10-15 µm lati, octospori, rare hexaspori aut quadrispori. Ascosporae (16-)18-22(-24) × (4-)5-6.5(-7) µm magnae, incoloratae, ellipsoidei-fusiformes, ad septum non aut parum constrictae, cellula superiore breviore crassioreque quam cellula inferior, tenuiter halonatae. Description -Ascomata perithecioid, 170-330 µm in diam., exciple blue-green in its upper part, sometimes violaceous brown in the outermost part, colorless towards its base, 10-15 µm thick in this part. Paraphysoids abundant, 1-1.5(-2) µm thick. Asci (55-)70-90(-100) × 10-15 µm, cylindrical-clavate, with (4-6-)8 spores. Ascospores (16-)18-19.7-22(-24) × (4-)5-5.7-6.5(-7) µm with a length/width ratio of (2.4-)2.9-3.5-4.2(-4.8) (n = 149), 1-septate, rarely simple, colorless, mostly ellipsoid-fusiform and attenuated at both extremes, less frequently oval-ellipsoid and only attenuated at one of the apices, slightly heteropolar, not or slightly constricted at the septum, guttulate.
Remarks -The occurrence of specimens of Cercidospora on Rhizoplaca melanophthalma has already been mentioned by other authors (Werner 1937 , Navarro-Rosinés & Hladun 1987 , Alstrup & Hawksworth 1990 , who included them in a wider concept of C. epipolytropa. C. melanophthalmae and C. epipolytropa are the only two species in this study characterized by having predominantly 8-spored asci. Mature asci with only six or four ascospores may occur but are always rare among typical ones and contain usually aborted additional spores with smashed walls. Both taxa differ in the size of their ascomata, asci and ascospores, which are larger in C. melanophthalmae. The shape of the ascospores is also somewhat different; while in C. melanophthalmae they are mostly ellipsoid-fusiform, in C. epipolytropa they are oval-ellipsoid, with the upper apex rounded and the lower one slightly attenuated.
Other than Cercidospora epipolytropa, C. melanophthalmae does not show a preference to develop the ascomata in the apothecial discs. Ascomata are equally frequent in host thallus and apothecia but are more conspicuous in the later.
Distribution and habitat -Cercidospora melanophthalmae seems to be a specific parasymbiont of Rhizoplaca melanophthalma, and is known with certainty from the localities in the
